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A B S T R A C T   

Introduction: Chronic lymphocytic leukemia (CLL) commonly affects older adults. However, few studies have 
examined the relationship between baseline geriatric domains and clinical outcomes in this population. Here, we 
aim to evaluate the use of a comprehensive geriatric assessment in older (>65 years) untreated patients with CLL 
to predict outcomes. 
Materials and Methods: We conducted a planned analysis of 369 patients with CLL age 65 or older treated in a 
phase 3 randomized trial of bendamustine plus rituximab versus ibrutinib plus rituximab versus ibrutinib alone 
(A041202). Patients underwent evaluations of geriatric domains including functional status, psychological sta
tus, social activity, cognition, social support, and nutritional status. We examined associations among baseline 
geriatric domains with grade 3+ adverse events using multivariable logistic regression and overall survival (OS) 
and progression-free survival (PFS) using multivariable Cox regression models. 
Results: In this study, the median age was 71 years (range: 65–87). In the combined multivariable model, the 
following geriatric domains were significantly associated with PFS: Medical Outcomes Study (MOS) - social 
activities survey score (hazard ratio [HR] [95% confidence interval (CI)] 0.974(0.961, 0.988), p = 0.0002) and 
nutritional status (≥5% weight loss in the preceding six months: (HR [95% CI] 2.717[1.696, 4.354], p < 0.001). 
MOS - social activities score [HR (95% CI) 0.978(0.958, 0.999), p = 0.038] was associated with OS. No geriatric 
domains were significantly associated with toxicity. There were no statistically significant interactions between 
geriatric domains and treatment. 
Discussion: Geriatric domains of social activity and nutritional status were associated with OS and/or PFS in older 
adults with CLL. These findings highlight the importance of assessing geriatric domains to identify high-risk 
patients with CLL who may benefit from additional support during treatment.  
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1. Introduction 

Chronic lymphocytic leukemia (CLL) is the most common leukemia 
in adults [1]. CLL predominantly affects older adults, and the advent of 
novel targeted therapies has transformed the treatment landscape for 
this population [2,3]. Alliance for Clinical Trials in Oncology A041202 
was a phase 3 clinical trial which established the superiority of the 
Bruton's Tyrosine Kinase (BTK) inhibitor ibrutinib, alone or in combi
nation with rituximab, over standard chemoimmunotherapy for older 
adults with previously untreated CLL [4]. With the introduction of novel 
therapies like ibrutinib, genomic assessment evaluating p53 alterations 
and immunoglobulin heavy chain variable region (IGHV) hyper
mutation have largely replaced prior risk stratification tools [5,6]. 
However, risk stratification systems in CLL have not focused on geriatric 
domains, such as subjective and objective measures of function as well 
as cognition [1]. Older adults with cancer frequently present with a 
complex constellation of medical and psychosocial issues that impact 
their ability to tolerate treatment and contribute to negative outcomes 
and increased morbidity [7,8]. 

A comprehensive geriatric assessment (CGA) can help to robustly 
characterize health status and represents a better measures of older 
patients' health than simply assessing performance status or considering 
chronologic age alone. Studies primarily in solid tumors have focused on 
utilizing the CGA to identify older patients at risk for poor clinical 
outcomes, including toxicity and mortality [9–11]. The CGA entails a 
formal evaluation of multiple geriatric domains: functional status, co
morbid conditions, medications, psychological state, social support, 
cognition, and nutritional status. Few studies have focused on the use of 
CGA in hematologic malignancies, with existing results suggesting 
utility in prediction of chemotherapy associated toxicities as well as 
survival, including in studies of acute myeloid leukemia [12] and mul
tiple myeloma [13]. However, no studies have examined the use of CGA 
in CLL [1,14]. Thus, for older adults with CLL, we need a better un
derstanding of how geriatric domains contribute to clinical outcomes, 
particularly in the era of targeted therapies. 

The CGA can require considerable time and expertise to complete, 
often representing a barrier to the use of CGA in routine clinical practice. 
To improve access to pertinent domains of the CGA, the Cancer in Aging 
Research Group (CARG) developed the CARG chemo-toxicity calculator. 
This calculator tool is based on a multidimensional assessment of geri
atric domains, laboratory testing (hemoglobin and glomerular filtration 
rate), sociodemographic information, and treatment intensity [9]. The 
CARG model was established in 500 patients with solid tumors aged 
65–91 years with this scoring system stratifying patients into low, in
termediate, or high risk for chemotherapy toxicities. The CARG chemo- 
toxicity calculator may have limitations in patients with CLL for several 
reasons, including the use of anemia as a risk factor and unknown utility 
in patients receiving continuous therapy. Given the lack of validation of 
CARG chemo-toxicity calculator in CLL, this study used the CGA as the 
primary measure of functional status, and correlation of outcomes with 
CARG chemo-toxicity calculator is a post-hoc exploratory analysis. 

In the present study, we sought to evaluate the association of base
line geriatric domains with clinical outcomes in CLL, including adverse 
events, therapy discontinuation, overall survival (OS), and progression- 
free survival (PFS). We also sought to explore how CGA domains 
changed over time during therapy. We hypothesized that geriatric do
mains of functional status, nutritional status, social activity, social 
support, psychological status, and cognition would be associated with 
toxicity, OS, and PFS. We further sought to investigate the association 
between the CARG score and toxicity in this cohort. 

2. Methods 

2.1. Patients and Measures 

Alliance for Clinical Trials in Oncology A041202 (NCT01886872) 

was a phase 3 clinical trial comparing standard bendamustine plus rit
uximab to ibrutinib given alone or in combination with rituximab for 
untreated patients ≥65 years with CLL. [15] Each participant signed an 
IRB-approved, protocol-specific, informed consent document in accor
dance with federal and institutional guidelines. As a planned correlative 
study optional to participants, we performed geriatric assessments prior 
to therapy, after six months of treatment, and after two years (or at 
disease progression)(Fig. 1). The geriatric domains included validated 
measures of functional status, psychological status, social activity, 
cognition, social support, and nutritional status [16–22]. Geriatric do
mains were scored based on established procedures [16,17]. For perti
nent characteristics, we dichotomized patients into “impaired” versus 
“not impaired” based upon prior studies. [23] For the models, if any cell 
of the dichotomized variable by arm had a sample size <10 in any cell, 
the non-dichotomized score was used. 

2.2. Clinical Outcomes 

The outcomes analyzed in this analysis included toxicity, OS, and 
PFS, and were measured as in the primary manuscript [4]. Toxicity was 
defined as a grade 3 or higher adverse event (AE) as defined by CTCAE 
version 4.0 while on study treatment. OS was defined as the time from 
the date of randomization until the date of death from any cause. Data 
from patients who were alive were censored on the date of the last 
assessment. We defined PFS as the time from the date of randomization 
until the earliest date on which disease progression (as defined by IWCLL 
criteria) [24] or death from any cause was recorded. Data from patients 
who were alive and had not experienced disease progression were 
censored on the date of the last assessment. Data from patients who 
started a therapy for CLL that was not specified in the protocol or 
withdrew consent for further follow-up were also censored on the date of 
the last assessment [4]. 

2.3. Statistical Analysis 

Patients' sociodemographic and clinical characteristics, as well as 
geriatric domains, and changes in geriatric domains were summarized 
by treatment arm using mean (standard deviation) and/or median 
(range) for continuous variables and using frequency (percentage) for 
categorical variables. The proportion of patients that reported grade 3+
AEs was summarized by arm and the association between grade 3+ AEs 
and arm was evaluated using the Chi-squared test. The proportion of 
patients that reported grade 3+ AEs was summarized and the associa
tion between CARG risk category and grade 3+ AEs was evaluated using 
the Chi-squared test. 

Multivariable logistic regression models were used to evaluate the 
association between components of CGA domains and grade 3+ AEs. 
First, separate multivariable analyses were conducted for each individ
ual component of the CGA, examining the relationship of the individual 
CGA domain with toxicity, adjusting for baseline characteristics and 
treatment arm. Components found to be associated with toxicity (p <
0.20) were then included in separate multivariable logistic regression 
models to test for the interaction between arm and components of CGA 
domains, adjusting for the following covariates that were a priori 
defined based on our review of the literature and prior studies: age, sex, 
Rai stage, Eastern Cooperative Oncology Group (ECOG) performance 
status, Zap70 methylation status, presence or absence of TP53 mutation, 
and/or deletion of 17p13 on FISH [25,26]. Zap70 methylation status is 
used in this study as a surrogate for IGHV mutational status, where 
methylated Zap70 is a surrogate for mutated IGHV. The final model for 
our multivariable analyses included all components of CGA domains 
associated with toxicity, adjusted for arm, any statistically significant 
interactions (p < 0.05), and the previously specified covariates. Similar 
methods were used to investigate the relationship between various 
components of CGA domains with clinical outcomes (OS and PFS) using 
Cox proportional hazards regression analyses. In the final model, the 
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geriatric domains that reached the 0.05 significance level were consid
ered statistically significant. Due to the exploratory nature of this 
analysis, no adjustment was made for multiple comparisons. We per
formed statistical analyses using Stata version 14.2. on a dataset lock on 
October 4, 2018. Data collection and statistical analyses were conducted 
by the Alliance Statistics and Data Management Center. Data quality was 
ensured by review of data by the Alliance Statistics and Data Manage
ment Center and by the study chairperson following Alliance policies. 

3. Results 

3.1. Patient Characteristics 

Overall, 388 patients consented to the geriatric assessments (74% of 
524 patients enrolled on A041202), and 369 completed all pre- 
treatment assessments and were included in analyses. Fig. 1 outlines 
the assessments completed. Table 1 describes the clinical characteristics 
of these patients. Baseline characteristics of this patient subset were 
similar to the overall cohort of patients enrolled to A041202. Briefly, 
median age was 71 years (range: 65–87), most patients were male 
(70%), and approximately half (56%) had Rai stage III or IV disease. 
Overall, 54% of patients had Zap70 unmethylated disease, and 26% had 
either del(17p13) or del(11q22) on baseline FISH. These clinical char
acteristics were balanced among the three arms. The number of patients 
considered to have a geriatric impairment in emotional/informational 
support (MOS Social Support Survey: Emotional/Informational) was 
significantly different across the three treatment arms, with 50%, 45%, 
and 62% considered impaired in Bendamustine + Rituximab, Ibrutinib, 

and Ibrutinib + Rituximab, respectively (p = 0.02). There were no other 
significant differences across the arms in terms of baseline geriatric 
assessment data or percent of patients who were considered impaired 
(Supplemental Table 2). Only 8% of patients and 5% of physicians re
ported Karnofsky performance status (KPS) as impaired. The median 
score on the activities of daily living (ADL) scale was 14 (range: 9–14), 
with 21% having an impairment. The median on the Timed “Up and Go” 
test was 10.3, with 25% of patients having a time of >13.5 s. Overall, 
13% of patients had one or more falls in the last six months, and the 
median number of comorbidities was two (range: 0–14). Only 4% of 
patients had cognitive impairment based upon the Blessed Orientation 
Memory Concentration (BOMC) Score. Approximately one-fifth (21%) 
of patients experienced at least 5% weight loss in the preceding six 
months, and 28% had either a very low or high body mass index (BMI). 

3.2. Baseline Geriatric Domains and Risk of High-Grade Adverse Events 
(Grade 3–5 Toxicities) 

Using the CARG toxicity calculator [9], 54% of patients were at low 
risk, 40% were at medium risk, and 7% were at high risk for grade 3 or 
higher toxicities. In this population, the CARG chemo-tox calculator did 
not reliably predict grade 3 or higher toxicities (Supplemental Table 3; p 
= 0.81). Prevalence of grade 3 or higher AE was not different across 
treatment arms overall (p = 0.92) nor when analyzed only within the 
first year of therapy (p = 0.08; Supplemental Table 4). 

In separate multivariable logistic regression models adjusting for 
baseline characteristics and treatment arm, lower tangible social sup
port (MOS Social Support Survey; odds ratio [OR] = 0.62; 95% 

Fig. 1. CONSORT diagram showing timing of assessments and number of patients who completed each assessment.  
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confidence interval [CI] 0.35–1.11; p = 0.11) and a higher number of 
comorbidities (OR 1–2 comorbidities = 1.29; 95% CI 0.56–2.94; OR 3+
comorbidities = 2.42; 95% CI 0.99–5.92; overall p = 0.08) were asso
ciated with higher toxicity, though not statistically significant. After 
including both social support and the number of comorbidities in a 
multivariable model, adjusting for baseline characteristics and treat
ment arm, neither baseline geriatric assessment items (MOS Social 
Support Survey: Tangible subscale - OR = 0.579; 95% CI 0.32–1.04; p =
0.07; number of Comorbidities: OR 1–2 Comorbidities = 1.28; 95% CI 
0.56–2.95; OR 3+ comorbidities = 2.57; 95% CI 1.04–6.33; overall p =
0.06) were significantly associated with a higher risk for toxicity. Among 
the baseline characteristics included in the model, high Rai stage (OR =
1.95; 95% CI 1.08–3.50; p = 0.03) was significantly associated with a 

higher risk for grade 3+ adverse events (Table 2). The interactions be
tween each geriatric assessment item and treatment arm were not sta
tistically significant. 

We also evaluated whether baseline geriatric assessment domains 
could predict whether patients would discontinue therapy for adverse 
events. No specific subjective or objective measures of function were 
associated with discontinuation of therapy for toxicity. However, in 
models looking at each CGA item individually, after adjusting for patient 
characteristics, lower levels of depression and anxiety (HR 0.97, 95% CI 
0.95–1; p = 0.018), higher levels of social activities scores (HR 0.98, 
95% CI 0.97–1; p = 0.03), and lower levels of weight loss over the 
previous six months (HR 2.83, 95% CI 1.5–5.36; p = 0.001) were all 
protective against therapy discontinuation for toxicity. 

Table 1 
Patient characteristics.   

Bendamustine + Rituximab (N =
113) 

Ibrutinib (N = 130) Ibrutinib + Rituximab (N =
126) 

Total (N = 369) p value 

Age     0.671 

Median 71 71 71 71  
Range (65–86) (65–87) (65–86) (65–87)  

Sex     0.512 

Female 39 (35%) 37 (28%) 36 (29%) 112 (30%)  
Male 74 (65%) 93 (72%) 90 (71%) 257 (70%)  

Race     0.502 

White 103 (91%) 121 (93%) 122 (97%) 346 (94%)  
Black or African American 5 (4%) 5 (4%) 2 (2%) 12 (3%)  
Asian 3 (3%) 1 (1%) 0 (0%) 4 (1%)  
American Indian or Alaska Native 0 (0%) 0 (0%) 1 (1%) 1 (0%)  
Not reported: patient refused or not available 1 (1%) 2 (2%) 1 (1%) 4 (1%)  
Unknown: Patient unsure 1 (1%) 1 (1%) 0 (0%) 2 (1%)  

Ethnicity     0.592 

Hispanic or Latino 2 (2%) 1 (1%) 1 (1%) 4 (1%)  
Not Hispanic or Latino 107 (95%) 122 (94%) 122 (97%) 351 (95%)  
Not Reported 3 (3%) 6 (5%) 1 (1%) 10 (3%)  
Unknown 1 (1%) 1 (1%) 2 (2%) 4 (1%)  

Rai Stage     0.642 

Intermediate (Stage I/II) 49 (43%) 62 (48%) 53 (42%) 164 (44%)  
High (Stage III/IV) 64 (57%) 68 (52%) 73 (58%) 205 (56%)  

ECOG Performance Status     0.162 

0 64 (57%) 65 (50%) 64 (51%) 193 (52%)  
1 45 (40%) 63 (48%) 62 (49%) 170 (46%)  
2 4 (4%) 2 (2%) 0 (0%) 6 (2%)  

Zap70 Methylation Status, Central Results     0.702 

<20% 63 (56%) 67 (52%) 71 (56%) 201 (54%)  
≥ 20% 50 (44%) 63 (48%) 55 (44%) 168 (46%)  

Presence of del(11q22) or del(17p13), Local 
Result     

0.782 

Yes 31 (27%) 35 (27%) 30 (24%) 96 (26%)  
No 82 (73%) 95 (73%) 96 (76%) 273 (74%)  

Education     0.802 

High school or less or GED 39 (35%) 42 (33%) 44 (35%) 125 (34%)  
Some college 50 (44%) 54 (42%) 47 (38%) 151 (41%)  
Advanced degree 24 (21%) 32 (25%) 34 (27%) 90 (25%)  
Missing 0 2 1 3  

Marital Status     0.692 

Married/Partnership 87 (77%) 101 (78%) 93 (74%) 281 (76%)  
Other 26 (23%) 28 (22%) 33 (26%) 87 (24%)  
Missing 0 1 0 1  

Employment Status     0.842 

Employed 25 (22%) 28 (22%) 23 (18%) 76 (21%)  
Retired 76 (67%) 87 (68%) 92 (74%) 255 (70%)  
Unemployed/Other 12 (11%) 13 (10%) 10 (8%) 35 (10%  
Missing 0 2 1 3  

Time since Diagnosis (in years)     0.791 

Median 2.57 1.99 2.60 2.42  
Mean 3.46 3.21 3.93 3.53  
Range (0.01–18.45) (0.02–17.06) (0.02–19.82) (0.01–19.82)  
Missing 6 7 9 22  

ECOG = Eastern Cooperative Oncology Group; GED = General Education Development. 
Note: Variables where complete data is not available have the frequency of patients with missing data provided. Variables with complete data are provided without the 
missing category. 

1 Kruskal Wallis. 
2 Chi-Square. 
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3.3. Baseline Geriatric Assessment and Clinical Outcomes 

In the Cox regression models with individual components of the 
CGA, adjusting for baseline characteristics and treatment arm, better 
functional status (instrumental activities of daily living [IADL] score: HR 
2.26, 95% CI: 1.4–3.66, p = 0.001), better performance status (patient- 
reported KPS: HR 0.96, 95% CI: 0.94–0.98, p < 0.001), and higher social 
activity score (HR 0.97, 95% CI: 0.96–0.98, p < 0.001) were associated 
with better PFS. Conversely, worse nutritional status (>5% weight loss 
in last six months: HR 2.81, 95% CI: 1.77–4.44, p < 0.001) was asso
ciated with worse PFS. Worse social support (MOS Social Support Sur
vey: Emotional/Informational subscale) was also associated with worse 
PFS, but this was not statistically significant (HR 1.37, 95% CI: 0.9–2.1, 
p = 0.144). Timed “Up and Go”, number of falls in last six months, 
number of comorbidities, psychological status, social support, cognition, 
and low BMI were not associated with PFS. After including all individ
ually associated components of CGA domains in a multivariable model 
and adjusting for baseline characteristics and treatment arm, higher 
social activity score (HR 0.97, 95% CI: 0.96–0.99, p = 0.002) remained 
associated with better PFS. Similarly, worse nutritional status (>5% 
weight loss in last six months: HR 2.72, 95% CI: 1.70–4.35, p < 0.001) 
was associated with worse PFS. Social support, functional status, and 
performance status were not associated with PFS (Table 3). The in
teractions between each geriatric assessment item and treatment arm 
were not statistically significant. 

In individual multivariable Cox regression models, higher perfor
mance status (patient-reported KPS: HR 0.96, 95% CI: 0.93–1, p = 0.03; 

physician-reported KPS: HR 0.95, 95% CI: 0.91–0.99, p = 0.02) and 
higher social activity score (HR 0.97, 95% CI: 0.95–0.99, p < 0.001) 
were associated with better OS. In contrast, worse functional status 
(IADL score < 14: HR 3.73, 95% CI: 1.85–7.53, p < 0.001) and worse 
nutritional status (>5% weight loss in the preceding six months: HR 
2.36, 95% CI: 1.17–4.76, p = 0.02) was associated with worse OS. Timed 
“Up and Go”, psychological status, social support, cognition, and low 
BMI were not significantly associated with OS. The number of falls in last 
six months was not included in the model due to the low number of 
patients with no falls that experienced a death event (n = 1). After 
including all individually associated components of CGA domains in a 
multivariable model, adjusting for baseline characteristics and treat
ment arm, higher social activity score (HR 0.98, 95% CI: 0.96–1.00, p =
0.04) was associated with better OS (Table 4). The interactions between 
each CGA component and treatment arm were not statistically 
significant. 

Table 2 
Multivariable logistic regression model for grade 3+ adverse events with all 
significant geriatric assessments.  

Factor Level N OR (95% CI) p-value 

Age Group 65–69 144 1 (Reference) 0.2696*  
70-74 119 1.166 (0.588, 

2.309) 
0.6412  

75+ 104 1.849 (0.875, 
3.906) 

0.1314 

Presence of del(17p13) Normal 335 1 (Reference)   
Abnormal 32 1.382 (0.445, 

4.287) 
0.5756 

ECOG Performance 
Status 

0 192 1 (Reference)   

1–2 175 0.653 (0.363, 
1.173) 

0.1542 

Treatment Arm Bendamustine +
Rituximab 

112 1 (Reference) 0.9157*  

Ibrutinib 130 1.138 (0.557, 
2.322) 

0.8513  

Ibrutinib +
Rituximab 

125 1.153 (0.553, 
2.405) 

0.8049 

Number of 
Comorbidities 

0 45 1 (Reference) 0.0567*  

1-2 168 1.281 (0.557, 
2.945) 

0.4660  

3+ 154 2.567 (1.041, 
6.331) 

0.0171 

RAI Stage Intermediate 
(Stage I/II) 

164 1 (Reference)   

High (Stage III/IV) 203 1.946 (1.081, 
3.504) 

0.0265 

Sex Male 256 1 (Reference)   
Female 111 1.749 (0.884, 

3.463) 
0.1085 

Social Support Survey: 
Tangible subscale 

=100 (Not 
Impaired) 

194 1 (Reference)   

<100 (Impaired) 173 0.579 (0.322, 
1.041) 

0.0677 

Zap70 Methylation 
Status 

≥ 20% 167 1 (Reference)   

<20% 200 1.411 (0.785, 
2.535) 

0.2494  

* overall p-value; ECOG = Eastern Cooperative Oncology Group. 

Table 3 
Multivariable cox regression model for progression free survival with all sig
nificant geriatric assessments.  

Factor Level N HR (95% CI) p-value 

Age Group 65–69 143 1 (Reference) 0.0899*  
70-74 116 1.652 (0.984, 

2.773) 
0.0577  

75+ 98 1.730 (0.977, 
3.063) 

0.0602 

Presence of del(17p13) Normal 325 1 (Reference)   
Abnormal 32 2.492 (1.332, 

4.661) 
0.0043 

ECOG Performance 
Status 

0 187 1 (Reference)   

1–2 170 0.767 (0.470, 
1.250) 

0.2868 

MOS - Social Support 
Survey: Emotional/ 
Information 

=100 (Not 
Impaired) 

167 1 (Reference)   

<100 (Impaired) 190 1.257 (0.811, 
1.949) 

0.3066 

IADL - Activities of Daily 
Living subscale 

=14 (Not 
Impaired) 

283 1 (Reference)   

<14 (Impaired) 74 1.364 (0.804, 
2.315) 

0.2496 

Patient Reported 
Karnofsky 
Performance Status 
(Score 30–100)  

357 0.988 (0.964, 
1.012) 

0.3220 

Treatment Arm Bendamustine +
Rituximab 

110 1 (Reference) <0.0001*  

Ibrutinib 124 0.262 (0.153, 
0.451) 

<0.0001  

Ibrutinib +
Rituximab 

123 0.289 (0.171, 
0.490) 

<0.0001 

Rai Stage Intermediate 
(Stage I/II) 

161 1 (Reference)   

High (Stage III/ 
IV) 

196 0.689 (0.440, 
1.079) 

0.1037 

MOS - Social Activities 
Score  

357 0.974 (0.961, 
0.988) 

0.0002 

Sex Male 248 1 (Reference)   
Female 109 0.785 (0.483, 

1.277) 
0.3302 

Percent Unintentional 
Weight Loss in last 6 
months 

< 5% (Not 
Impaired) 

282 1 (Reference)   

≥ 5% (Impaired) 75 2.717 (1.696, 
4.354) 

<0.0001 

Zap70 Methylation 
Status 

≥ 20% 164 1 (Reference)   

<20% 193 1.831 (1.154, 
2.907) 

0.0103 

9 Patients were excluded in this final model due to missing values for one or 
more of the covariates. 

* overall p-value; ECOG = Eastern Cooperative Oncology Group, MOS =
Medical Outcomes Study; IADL = Instrumental Activities of Daily Living. 
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3.4. Change in Comprehensive Geriatric Assessment Domains over Time 

Overall, 74% of patients who had completed baseline CGA also had 
completed assessments at six months (Fig. 1). While patients were 
evaluated within treatment arm, there were no significant changes 
among treatment arms relative to the change in geriatric assessment 
domains over time. Overall, many domains of the geriatric assessment 
improved with the initiation of therapy, with commonalities of im
provements in performance status and weight, with a reduction in 
anxiety (Table 5). In patients receiving bendamustine plus rituximab, we 
observed improvements in physician-reported KPS (p = 0.008), in
creases in weight (p = 0.003), increase in social activity total score (p =
0.040) and a reduction in patient-reported anxiety (p < 0.001) from 
baseline to six months. Within the ibrutinib arm, we observed increases 
in patient- and physician-reported KPS (p = 0.004 and < 0.001 respec
tively); increase in weight (p < 0.001), social activity total score (p =
0.017), and physical functioning score (p = 0.003); and reduction in 
patient reported anxiety (p < 0.001) from baseline to six months. Within 
the ibrutinib plus rituximab arm, we observed an improvement in 

physician-reported KPS (p = 0.034), an increase in weight (p < 0.001), 
and a reduction in patient anxiety (p = 0.003) from baseline to six 
months. However, the number of falls increased slightly from baseline to 
six months in this group (mean 0.3 to 0.4; p = 0.018). 

When looking specifically at patients defined as impaired at baseline, 
within all arms from baseline to six months we observed improvement in 
every domain studied, with a trend toward greater gains in the two 
ibrutinib arms. 

4. Discussion 

In this correlative analysis of the pivotal phase 3 A041202 study of 
older patients with CLL, we found that specific geriatric assessment 
domains, rather than a CGA, predict drug discontinuation, PFS, and OS 
in this setting. We found that the specific geriatric domains of social 
activities and nutritional status assessed prior to therapy initiation were 
associated with OS and PFS. Notably, these associations were statisti
cally significant regardless of treatment received and despite controlling 
for known important patient and clinical factors such as age, Rai stage, 
ECOG performance status, and TP53 status. Importantly, we also found 
that the widely used CARG chemotoxicity calculator does not accurately 
predict high grade toxicity in this setting. Collectively, these findings 
demonstrate the importance of assessing geriatric domains to identify 
patients with CLL at high risk for worse clinical outcomes, but also 
highlight the need for further work to identify pertinent geriatric do
mains among older adults with CLL to better predict toxicity. 

This study highlights the fact that all cancers and treatment strate
gies are not equal. Unexpectedly, the validated CARG chemotherapy- 
toxicity calculator did not reliably predict which patients would 
develop high-grade toxicity or discontinue therapy due to toxicity. This 
is not due to low frequency of toxicity, as >80% of patients experience 
some type of high-grade toxicity, regardless of treatment arm, and 
approximately 15% of patients discontinued therapy due to toxicity 
during this analysis period. Our findings suggest that different domains 
may be important for patients undergoing treatment with novel thera
pies, and further research is needed to determine specific pre-treatment 
factors that accurately predict toxicity and therapy discontinuation. The 
measures found to be significant from this study should be prospectively 
evaluated in future trials, including phase 3 studies. 

Our findings underscore the importance of geriatric domains in the 
context of clinical outcomes of patients with CLL in the era of novel 
targeted therapies. In a prior study of 75 patients with CLL receiving 
chemotherapy enrolled in the CLL9 trial, the Timed “Up and Go” and 
cognitive function were associated with survival. Another small study of 
older adults with CLL also demonstrated an associated between func
tional status and survival [27,28]. We did not find the “Up and Go” test 
to significantly predict survival and did not detect a relationship in our 
cohort between cognition and clinical outcomes, potentially due to 
different treatment regimens. Prior studies in patients with other he
matologic malignancies treated with chemotherapy have also found an 
association between extent of geriatric impairments in older adults with 
OS [12–14,29,30]. However, these studies did not include patients 
receiving targeted therapy and immunotherapy, the current mainstay 
treatments for older adults with CLL. Many oncologists consider targeted 
therapies and immunotherapies less toxic, thus making them more in
clined to prescribe these therapies to older adults [31]. Our findings 
highlight the prognostic importance of multiple geriatric domains in 
older adults with CLL regardless of the type of systemic therapy 
received. In fact, the International Society of Geriatric Oncology (SIOG) 
has recommended the routine use of the geriatric assessment in all older 
adults with CLL [32]. Our results suggest that future studies should 
continue to assess geriatric domains in patients with CLL treated with 
novel therapies to identify those at risk for worse clinical outcomes and 
to further risk-stratify patients in clinical practice. Specifically, we 
identified nutritional status and social activity scales as especially 
important, and future work will be needed to validate these in this 

Table 4 
Multivariable cox regression of overall survival with all significant geriatric 
assessments.  

Factor Level N HR (95% CI) p-value 

Age Group (years) 65–69 142 1 (Reference) 0.0293*  
70-74 115 1.629 (0.661, 

4.015) 
0.2888  

75+ 98 3.229 (1.337, 
7.795) 

0.0092 

Presence of del(17p13) Normal 324 1 (Reference)   
Abnormal 31 3.527 (1.430, 

8.698) 
0.0062 

ECOG Performance 
Status 

0 187 1 (Reference)   

1–2 168 0.369 (0.167, 
0.814) 

0.0135 

IADL - Activities of Daily 
Living subscale 

=14 (Not 
Impaired) 

282 1 (Reference)   

<14 (Impaired) 73 2.041 (0.911, 
4.575) 

0.0831 

Physician Reported 
Karnofsky Performance 
Status (Score 0–100)  

355 0.980 (0.932, 
1.030) 

0.4218 

Patient Reported 
Karnofsky Performance 
Status (Score 30–100)  

355 0.999 (0.960, 
1.039) 

0.9524 

Treatment Arm Bendamustine +
Rituximab 

110 1 (Reference) 0.9319*  

Ibrutinib 122 1.151 (0.493, 
2.684) 

0.7455  

Ibrutinib +
Rituximab 

123 1.160 (0.490, 
2.747) 

0.7363 

Rai Stage Intermediate 
(Stage I/II) 

160 1 (Reference)   

High (Stage III/ 
IV) 

195 0.822 (0.414, 
1.630) 

0.5741 

MOS - Social Activities 
Score  

355 0.978 (0.958, 
0.999) 

0.0377 

Sex Male 246 1 (Reference)   
Female 109 0.704 (0.319, 

1.557) 
0.3864 

Percent Unintentional 
Weight Loss in last 6 
months 

< 5% (Not 
Impaired) 

281 1 (Reference)   

≥ 5% (Impaired) 74 1.795 (0.846, 
3.807) 

0.1271 

Zap70 Methylation Status ≥ 20% 163 1 (Reference)   
<20% 192 1.291 (0.636, 

2.620) 
0.4798 

17 Patients were excluded from the final model due to missing values for one or 
more of the covariates. 

* overall p-value; ECOG = Eastern Cooperative Oncology Group, MOS =
Medical Outcomes Study; IADL = Instrumental Activities of Daily Living. 
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context. It may be the case that other measures (e.g., Timed “Up and Go” 
and cognition testing) may not be as important to measure in patients 
undergoing BTK inhibitor treatment for CLL, however, it would be 
helpful to have these findings validated in other large studies, poten
tially with more impaired patients, to make firm recommendations. 

The exact mechanism(s) by which various geriatric domains impact 
OS and PFS is likely multifactorial. Nearly half of older adults with a 
good performance status, as assessed by clinician-reported ECOG per
formance status, have IADL or physical capacity impairments when 
assessed with validated tools [33], reflecting the ability of geriatric 
domains to identify impairments that are difficult to ascertain otherwise. 
Moreover, research in patients with solid tumors has demonstrated that 
impairments in functional status and social activities are associated with 
treatment toxicity and chemotherapy interruptions [9]. Notably, pre- 
rehabilitation programs and geriatric assessment-driven interventions 
have shown promise as a strategy for improving functional status in 
older adults with solid tumors [34–36]. Future supportive care in
terventions utilizing pre-rehabilitation programs and/or geriatric 
assessment-driven interventions tailored to the needs of patients with 
CLL merit testing and have the potential to improve clinical outcomes in 
this population. 

This study has several limitations that are important to consider. 
First, despite inclusive entry criteria to try to make the study population 
representative of a broad CLL patient population, the study enrolled 
primarily fit patients with relatively low levels of impairment, and thus 
our findings may not be easily generalizable. In addition, patients 
enrolled to A041202 had the option to enroll in the GA substudy and 
thus our findings may not be easily generalizable to the broad CLL 
population or to patients enrolled in A041202. Some assessments of 
geriatric domains, such as cognitive impairment, were underrepre
sented, and therefore our data may not have fully captured the impact of 
these geriatric domains on clinical outcomes. Moreover, though this is a 
large study for a CLL population, due to the sample size we were limited 
in the number of predictors we could analyze in multivariate analyses; 
thus, our model may not fully account for all possible confounders. In 
addition, no adjustments were made for multiple comparisons in this 
exploratory analysis and further validation of the models is needed to 
confirm the association between these geriatric domains and clinical 
outcomes. 

In conclusion, we demonstrated that baseline assessment of geriatric 
domains of social activity and nutritional status are associated with OS 
and PFS in older adults with CLL receiving treatment with 

chemoimmunotherapy and targeted therapy. Our findings highlight that 
pre-treatment geriatric assessment provides clinicians and investigators 
with important prognostic information to identify older adults with CLL 
at higher risk of poor clinical outcomes. 
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Table 5 
Change in geriatric assessment domains over time.   

Bendamustine + Rituximab (N =
113) 

Ibrutinib (N = 130) Ibrutinib + Rituximab (N = 126) Total (N = 369) 

GA Difference (6 months- 
baseline) 

p-value Difference (6 months- 
baseline) 

p-value Difference (6 months- 
baseline) 

p-value Difference (6 months- 
baseline) 

p- 
value 

Physician-reported KPS 
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2.7 (8.5) 0.008 4.4 (7.1) <0.001 2.2 (9.7) 0.034 3.2 (8.5) 0.067 

Patient-reported KPS 
Mean (SD) 

1.6 (9.3) 0.124 3.6 (12.6) 0.004 2.0 (10.4) 0.056 2.5 (11.0) 0.457 

Number of Falls − 0.1 (1.1) 0.695 0.1 (0.9) 0.197 0.2 (0.8) 0.018 0.1 (1.0) 0.393 
Timed Up and Go − 1.6 (16.1) 0.384 − 0.4 (14.1) 0.786 − 0.6 (8.7) 0.516 − 0.8 (13.2) 0.161 
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MOS (Physical 
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BMI − 0.1 (2.6) 0.855 0.5 (2.1) 0.013 0.5 (1.3) <0.001 0.4 (2.1) 0.033 
Percent Weight Change 2.8 (7.8) 0.003 4.2 (7.2) <0.001 3.0 (5.5) <0.001 3.4 (6.8) 0.181 
Mood Total Score 0.8 (8.2) 0.368 2.0 (9.1) 0.024 − 0.3 (11.4) 0.796 0.9 (9.7) 0.079 
Social Activity Total Score − 4.1 (17.7) 0.040 4.4 (18.8) 0.017 2.3 (21.4) 0.289 1.3 (19.7) 0.064 
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BOMC − 1.0 (3.3) 0.013 0.1 (4.3) 0.868 − 1.1 (4.0) 0.014 − 0.6 (4.0) 0.227 

KPS=Karnofsky Performance Status; IADL = Instrumental Activities of Daily Living; MOS = Medical Outcomes Study; BOMC=Blessed Orientation-Memory 
Concentration. 
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